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Type 2 diabetes mellitus (T2DM) is a 
serious, chronic, and progressive 
disease that is rapidly increasing in 
prevalence. The disease now affects 
> 10% of adults in some developed coun- 
tries, increasing most in Asia. People with 
T2DM are two to four times more likely to 
develop a serious cardiovascular (CV) 
outcome compared with those without 
diabetes. The majority of patients with 
T2DM are insulin resistant and have asso- 
ciated metabolic abnormalities that are 
themselves significant CV risk factors. It 
is believed that most of this increased risk 
is caused by lipid abnormalities, hyper- 
tension, chronic vascular inflammation, 
and a proatherothrombotic state. The 
glycemia-related contribution is evidently 
lower: a long-term observational study over 
18 years from Finland showed that an in- 
crease of 1% in HbA lc increased the risk 
of CV disease (CVD) mortality by 53% in 
type 1 diabetic patients but by only 7.5% in 
T2DM patients (1). Based on these ob- 
servational data, it would be expected 
that a lowering of HbA lc of 1-2% would 
not dramatically change the absolute risk 
for death in people with T2DM. 

Effects of pioglitazone on CV risk 
factors and biomarkers 

Pioglitazone is known to improve insulin 
sensitivity, glycemic control, dyslipidemia, 
hypertension, and microalbuminuria in 



patients with T2DM. Pioglitazone de- 
creases fasting and postprandial plasma 
glucose levels by improving the sensitiv- 
ity of hepatic and peripheral (muscle) 
tissue to insulin. A large randomized 
controlled trial (RCT) showed that both 
pioglitazone and metformin reduced 
HbA lc by 1.5% from baseline (2). In con- 
trast to the more commonly prescribed 
sulfonylureas, pioglitazone showed a sig- 
nificantly better durability of diabetes 
control in patients with T2DM (3). Sim- 
ilarly, pioglitazone was superior to the 
dipeptidyl peptidase (DPP)-4 inhibitor 
sitagliptin in reducing HbA lc levels in 
drug-naive patients (4). Pioglitazone 
also provides effective (lowering HbA lc 
by 0.5-1.5%) and durable glycemic con- 
trol in combination with other oral anti- 
diabetes drugs as well in combination 
with insulin (5). In addition to providing 
sustained glycemic control in T2DM pa- 
tients, pioglitazone resulted in a 70% re- 
duction in the risk of developing T2DM 
in the Actos Now for the prevention of 
diabetes (ACT NOW) study (6). 

Two large prospective studies (7,8) 
have each demonstrated that insulin re- 
sistance is a very strong independent pre- 
dictor of CVD, myocardial infarction 
(MI), and stroke. Pioglitazone is the only 
drug available with a strong effect on in- 
sulin resistance, although metformin also 
has some effect in improving peripheral 



insulin sensitivity (9,10). In contrast to 
pioglitazone and metformin, treatment 
with either sitagliptin and exenatide 
once weekly had no effect on insulin re- 
sistance in the Safety and Efficacy of Ex- 
enatide Once Weekly Injection Versus 
Metformin, Dipeptidyl Peptidase-4 Inhib- 
itor, or Thiazolidinedione as Monother- 
apy in Drug-Naive Patients With Type 2 
Diabetes (DURATION 4) study (4). Al- 
though thiazolidinediones (TZDs) reduce 
insulin resistance and improve glycemic 
control, it has been hypothesized that dif- 
fering CV outcomes may be due to their 
different effects on lipid subfractions 

(11.12) . Pioglitazone has been shown to 
increase HDL cholesterol, decrease fasting 
triglycerides, and decrease fasting plasma 
free fatty acids, whereas rosiglitazone was 
found to improve only HDL cholesterol 

(11.13) . In addition, total cholesterol 
and LDL cholesterol levels were unaf- 
fected with pioglitazone but were signifi- 
cantly increased with rosiglitazone (11). 
Head-to-head trials have confirmed these 
findings and demonstrated a relatively 
consistent and favorable impact of 
pioglitazone compared with rosiglitazone 
on serum lipids, lipoproteins, and apoli- 
poproteins (13). In these trials, pioglitazone 
was associated with significant improve- 
ments in triglycerides, HDL cholesterol, 
non-HDL cholesterol, LDL particle size, 
and HDL concentration compared with 
rosiglitazone (13). In a report (14) from 
the U.S. Food and Drug Administration 
(FDA) analyzing the risk of CV events in 
227,571 patients aged &65 years who 
were treated with TZDs, prescription of 
rosiglitazone compared with prescription 
of pioglitazone was associated with an in- 
creased risk of stroke, heart failure, and 
all-cause mortality and an increased risk 
of the composite of acute MI, stroke, heart 
failure, or all-cause mortality (hazard ratio 
[HR] 1.68 [95% CI 1.27-2.08]). In a very 
recent study using the U.K. The Health 
Improvement Network (THIN) database, 
rosiglitazone increased MI in a popula- 
tion with established ischemic CVD in 
contrast to pioglitazone, whereas in an 
unselected population both TZDs had 
reasonably comparable effects (15). 
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TZDs produce small but consistent re- 
ductions in both systolic and diastolic blood 
pressure. The effect size with pioglitazone 
is in the region of 3-5 mmHg after 12 
months of therapy when added to either 
glimepiride or metformin (16). TZDs 
have demonstrated protective effects on a 
variety of atherosclerosis biomarkers and 
surrogate measures of CVD (17). TZDs at- 
tenuate circulating levels of proinflamma- 
tory mediators in patients with T2DM, 
including C-reactive protein, interleukin- 
6, CD40L, monocyte chemoattractant 
protein-1, and metalloproteinase-9 (17). 
These agents also increase levels of the 
vascular-protective adipokine adiponectin 
(17). The clinical significance of these find- 
ings is supported by evidence of improved 
endothelial function, reduced carotid 
intima-media thickness, and improve- 
ments in stenosis after coronary artery 
stent implantation in patients treated 
with TZDs. In addition, TZDs might also 
improve the circulating levels and func- 
tional activity of angiogenic endothelial 
progenitor cells (17), which indepen- 
dently predict the incidence of CV events 
and death. 

Hypoglycemia 

In contrast to treatment with insulin, sul- 
fonylureas, or glinides, use of pioglitazone 
per se is not associated with an increased 
risk of hypoglycemia, which may be of 
particular relevance for the treatment of 
patients with CVD, who are vulnerable to 
increased mortality after severe hypogly- 
cemia (18). There is epidemiological evi- 
dence suggesting that achieving low 
HbA lc with insulin-based regimens or a 
sulfonylurea-metformin combination 
therapy increases the risk of all-cause 
mortality and CV events (19). Recently, a 
large study in U.S. veterans (20) showed 
that patients with hypoglycemia had signif- 
icantly higher risks of CV events (HR 2.0 
[95% CI 1.6-2.4]) and microvascular 
complications (1.76 [1.46-2.11]). 
Consequently, in high-risk patients, 
pioglitazone should be used preferentially 
in combination with other antidiabetes 
drugs not associated with increased risk 
for hypoglycemia, such as metformin, 
DPP-4 inhibitors, glucagon-like peptide- 1 
receptor agonists, or sodium glucose co- 
transporter 2 inhibitors. When combined 
with sulfonylureas or insulin, the increase 
of hypoglycemia may be explained by the 
combination drug and the concurrent sig- 
nificant lowering of glucose levels (5). The 
cardioprotective effects of pioglitazone are 
illustrated in Fig. 1 . 



Lessons from the PROactive study 

The PROactive study was a large prospec- 
tive, randomized, double -blind, secondary- 
prevention study that investigated 
the effects of pioglitazone (45 mg/day) 
on macrovascular outcomes in 5,238 
patients with T2DM and preexisting 
CVD: -50% with previous MI, 25% 
with previous stroke, and 25% with 
peripheral arterial disease (PAD). Treat- 
ment with pioglitazone or placebo was 
administered in addition to optimized 
standard care, which included glucose- 
lowering, antihypertensive, lipid-altering, 
and antithrombotic drugs. Although the 
primary end point — a composite of all-cause 
mortality, nonfatal MI, acute coronary syn- 
drome, stroke, major leg amputation, and 
coronary or leg revascularization — showed 
only a nonsignificant 10% reduction in the 
pioglitazone arm, a significant reduction in a 
composite end point, comprising CV 
death plus nonfatal MI plus nonfatal 
stroke, was observed (HR 0.82 [95% CI 
0.70-0.97]) in the 3-year follow-up pe- 
riod (21). Furthermore, in patients with a 
previous MI, pioglitazone significantly 
reduced the risk of subsequent MI by 
28% and acute coronary syndrome by 
38% (22). In patients with a previous 
stroke, pioglitazone decreased chances 
of a second stroke by 48% (23). Patients 
with PAD at baseline showed significantly 
higher rates of the primary end point, 
main secondary end point, all-cause mortal- 
ity (all P < 0.0001), and stroke (P = 0.0175) 
than did those with no PAD at baseline (24). 
In the very-high-risk group of patients with 



PAD at baseline, no beneficial effect of pio- 
glitazone was evident. Unfortunately, 
patients with PAD were significantly over- 
represented in PROactive, which is thought 
to have influenced the overall outcome of 
the study. A meta-analysis of this study (24) 
revealed that the primary end point was sig- 
nificantly lower using pioglitazone com- 
pared with placebo when the 1,274 
patients with PAD at baseline were excluded 
from the analysis (P = 0.01). 

Lessons from CHICAGO and 
PERISCOPE 

Two additional RCTs have characterized 
the effect of pioglitazone on the progres- 
sion of atherosclerosis, with each showing 
favorable outcome for pioglitazone. In the 
Carotid Intima-Media Thickness in Athero- 
sclerosis Using Pioglitazone (CHICAGO) 
trial (25) in 462 patients with T2DM, 
pioglitazone was observed to decrease 
progression of carotid intima-media 
thickness — an important predictor of 
future CV events — over an 18-month 
treatment period compared with glimepir- 
ide. The effect was similar across all pre- 
specified subgroups based on age, sex, 
systolic blood pressure, duration of dia- 
betes, BMI, HbAi c , and statin use. In the 
Pioglitazone Effect on Regression of 
Intravascular Sonographic Coronary 
Obstruction Prospective Evaluation 
(PERISCOPE) study (26), coronary intra- 
vascular ultrasonography was used to as- 
sess the change in percent atheroma 
volume in 360 patients with T2DM and 
coronary artery disease treated with either 
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Figure 1 — Protection effects of pioglitazone relating to various organs. 
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pioglitazone or glimepiride. Pioglitazone - 
treated patients had a significantly lower rate 
of progression of coronary atherosclerosis. 

Effects of pioglitazone on 
microalbuminuria and outcome in 
T2DM patients with chronic kidney 
disease 

In the QUARTET studies, a consistent 
lowering effect of pioglitazone on microal- 
buminuria (estimated as albumin-to- 
creatinine ratio) was evident, which was 
not seen with metformin or sulfonylureas 
(2,3). Patients with diabetes and chronic 
kidney disease (CKD) are at particularly 
high risk of CVD. In a post hoc analysis 
from PROactive, the effect of pioglitazone 
versus placebo was determined in patients 
with CKD, defined as an estimated glomer- 
ular filtration rate <60 ml/mm/1.73 m 2 
(27). CKD was present in 597 (12%) of 
the 5,154 patients in PROactive for whom 
glomerular filtration rate was available. 
More patients with CKD reached the pri- 
mary composite end point than did pa- 
tients without CKD (27.5 vs. 19.6%; P < 
0.0001). Patients with CKD were also more 
likely to reach the main secondary compos- 
ite end point (all-cause mortality, MI, or 
stroke). Patients who had CKD and were 
treated with pioglitazone were less likely to 
reach this secondary end point (HR 0.66 
[95% CI 0.45-0.98]), but this association 
was not observed among those with better 
renal function. 

In a retrospective analysis of 5,290 in- 
cident dialysis patients with diabetes, 
Brunelli et al. (28) observed a remarkable re- 
duction (-35%) in the risk for all-cause mor- 
tality (HR 0.65 [95% CI 0.48-0.87]) in 
patients treated with TZDs. The risk reduc- 
tion for all-cause mortality was even more 
pronounced (-47%) in those patients who 
received TZDs without insulin (0.53 [0.31- 
0.89]; P < 0.02), but the protective effect 
was lost in patients treated with both TZDS 
and insulin (0.82 [0.43-1.55]). Despite the 
positive findings in patients with CKD and 
end-stage renal disease and the fact that 
pioglitazone does not induce hypoglycemia, 
the drug should be used with caution in 
CKD stages 4 and 5 because of the risk of 
water and sodium retention and heart 
failure. 

Decreased mortality with 
pioglitazone monotherapy or 
pioglitazone plus metformin 
combination therapy in 
observational studies 
In a large retrospective cohort study using the 
U.K. General Practice Research Database 



(GPRD), Tzoulaki et al. (29) reported the 
risk of incident MI, congestive heart fail- 
ure (CHF), and all-cause mortality in re- 
lation to oral antidiabetes drugs in 91,521 
people with diabetes (mean follow-up per 
individual: 7.1 years). Remarkably, piogli- 
tazone was associated with a significant 
31-39% reduced risk of all-cause mortal- 
ity (P = 0 . 02 to P < 0 . 00 1 ) compared with 
metformin, whereas first- or second- 
generation sulfonylureas were associated 
with a significant 24-61% excess risk for 
all-cause mortality (P < 0.001) compared 
with metformin. Again, as with any ob- 
servational study, the possibility of resid- 
ual confounding or confounding by 
indication cannot be excluded, although 
age, duration of diabetes at prescription, 
BMI, HbA lc , and history of CVD were 
similar in patients receiving metformin 
or pioglitazone. Although these results 
should be interpreted with caution, the 
findings do not contradict two recent 
meta-analyses (30,31). In a meta-analysis 
of 19 RCTs with pioglitazone (30), en- 
rolling 16,390 patients with a study- 
drug treatment duration ranging from 
4 months to 3.5 years, death, MI, or 
stroke occurred in 4.4% receiving pio- 
glitazone and in 5.7% receiving control 
therapy (HR 0.82 [95% CI 0.72-0.94]; 
P = 0.005). More recently, Stevens et al. 
(31) published a meta-analysis of 13 
RCTs comparing metformin with pla- 
cebo or an active comparator. The sum- 
mary relative risk (RR) for all-cause 
mortality was 0.91 (95% CI 0.70-1.18) 
in trials comparing metformin with 
placebo/usual care and 0.97 (0.77- 
1.23) in trials comparing metformin 
with active comparators. The summary 
RRs were very similar across 1-year trials 
at 0.84 (0.52-1.38) and across trials lon- 
ger than 1 year at 0.96 (0.80-1.16). 
From these two meta-analyses, one 
could conclude that, with respect to re- 
duction of all-cause mortality, pioglita- 
zone was at least as good as — or possibly 
better than — metformin. 

Due to the high risk for hypoglycemia 
associated with insulin therapy, more 
patients are now receiving oral dual or 
oral triple combination therapy, which is 
in line with recent recommendations for 
individualized therapy by the 2012 
American Diabetes Association/Euro- 
pean Association for the Study of Di- 
abetes statement (32). Very recently, 
Morgan et al. (33) analyzed the clinical 
outcome of 27,457 patients from the 
GPRD switching from metformin mono- 
therapy to an eligible second-line therapy 



during the study period 2000-2010. Re- 
markably, metformin plus pioglitazone 
had significantly lower adjusted HRs for 
all-cause mortality (HR 0.707 [95% CI 
0.515-0.970]) and the combined end 
point of all-cause mortality, major ad- 
verse CV events, or cancer (0.75 [0.61- 
0.91]) compared with a combination of 
metformin plus a sulfonylurea. The risks 
for major adverse CV events and cancer 
were also lower in patients treated with 
the combination of metformin plus a 
DPP-4 inhibitor but did not reach levels 
of significance versus metformin plus a 
sulfonylurea. 

Safety issues with pioglitazone 

The clinical use of pioglitazone is limited 
by the risk of adverse events, including 
weight gain, CHF, bone fractures, macu- 
lar edema, and possibly bladder cancer. 
Increase in mean body weight was 3.6 kg 
in the PROactive study (21), but interest- 
ingly, weight gain rather than weight loss 
was associated with an improved survival 
in patients treated with pioglitazone in a 
post hoc analysis of the PROactive popu- 
lation (34). Although weight gain can be 
problematic in some cases, a recent large 
observational study (35) showed that 
weight gain was rarely the cause of with- 
drawal of pioglitazone therapy (0.9% of 
12,772 patients). 

Edema occurs in -5% of patients 
treated with pioglitazone in monotherapy 
or in oral combination therapy and in 
-10% of patients treated with TZDs in 
combination with insulin. Although 
edema rate may be somewhat higher 
in patients with contraindications for 
pioglitazone, a recent large observational 
study showed that edema was rarely the 
cause (0.9% of 12,772 patients) of with- 
drawal of pioglitazone therapy (35). In 
the PROactive study, 5.7 and 4.1% of 
pioglitazone and placebo patients, respec- 
tively, were admitted to hospital with 
CHF (36); however, mortality rates due 
to CHF were similar (0.96 vs. 0.84%; 
P = NS). Interestingly, fewer pioglitazone 
patients with serious CHF had a combined 
end point of death, MI, or stroke compared 
with placebo patients (34.9 vs. 47.2%; P = 
0.025). The underlying mechanism of both 
edema and CHF exacerbation is likely to be 
fluid retention and plasma volume expan- 
sion (37). Mouse models show that 
pioglitazone activation of peroxisome pro- 
liferator-activated receptor 7 receptors in 
the distal nephron increases sodium reab- 
sorption through the epithelial Na + chan- 
nel (38). In humans, pioglitazone has been 
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shown to decrease urine sodium excretion 
and also to increase plasma renin and aldo- 
sterone levels. Increased vasodilation and 
increased vascular permeability may also 
contribute to edema. 

Epidemiologic and clinical trial data 
suggest that TZDs increase the risk of 
bone fractures, mainly in older women. 
This increased fracture risk is of a magni- 
tude similar to that seen with several other 
widely used drug classes (39). The excess 
fractures are seen mainly in the distal up- 
per and lower limbs (39), although some 
evidence suggests an increase in hip frac- 
ture risk (40). In a post hoc analysis of 
various adverse events in the PROactive 
trial (37), the rate of bone fracture was 
increased by 5.1% in women taking 
pioglitazone vs. 2 . 5 % in women taking pla- 
cebo. The excess risk of fractures for 
women on pioglitazone was calculated 
to be 0.5 fractures/100 patient-years of 
use. No increased fracture rate was seen 
in men, with fractures in 1.7% of men tak- 
ing pioglitazone vs. 2.1% of men taking 
placebo (41). A meta-analysis (42) of 10 
RCTs, involving 13,715 patients and in- 
cluding both rosiglitazone- and pioglita- 
zone-treated patients, showed an overall 
increased risk of fracture with TZD use 
compared with placebo or active compara- 
tor (odds ratio [OR] 1.45 [95% CI 1.18- 
1.79]; P < 0.001). The mechanism respon- 
sible for TZD-related bone fractures 
remains unclear, although abnormalities 
in both bone formation and bone resorp- 
tion have been suggested. TZDs affect 
the differentiation of mesenchymal 
stem cells, leading to increased adipo- 
genesis at the expense of the formation 
of osteoblasts (43). Clinically, there are 
no current guidelines limiting TZD use 
owing to fracture risk, but it appears 
prudent to monitor bone density in fe- 
male patients on TZD therapy and to 
limit TZD use in patients known to 
have low bone density. 

A recent retrospective cohort study 
(44) using data from THIN showed an 
association between the use of TZDs and 
the incidence of diabetic macular edema 
(DME). Pioglitazone and rosiglitazone use 
were associated with an increased risk of 
DME at 1 -year follow-up (HR 2 . 3 [95 % CI 
1.5-3.6]) and 10-year follow-up (2.3 
[1.7-3.0]). Combination therapy with in- 
sulin plus a TZD was associated with a 
higher risk of DME after propensity score 
adjustment (3.0 [1.5-5.9]), while aspirin 
use (0.6 [0.4-0.9]) and ACE inhibitor use 
(0.4 [0.2-0.7]) were associated with a re- 
duced risk of DME. 



In a large prospective observational 
study conducted at Kaiser Permanente 
Southern California (45), pioglitazone 
use was associated with a modestly in- 
creased incidence of DME over 1 year 
(OR 1.6 [95% CI 1.4-1.8]), although 
there was no dose-response effect. In 
this analysis, insulin and meglitinide 
were also found to be associated with an 
increased risk of macular edema. The 
mechanism by which TZDs may contrib- 
ute to DME could be fluid overload, since 
fluid overload for any reason can result in 
diffuse macular edema. Because the 
known association between TZDs and 
DME is relatively weak at this point, the 
most prudent course of action may be to 
continue routine eye exams and refer to 
ophthalmology if visual symptoms arise 
and to discontinue TZD therapy if macu- 
lar edema is present. 

Concern exists about an association 
between pioglitazone (46) and bladder 
cancer. In the PROactive trial (21), blad- 
der cancer was reported in 14 case sub- 
jects treated with pioglitazone (0.5%) and 
6 control subjects (0.2%). When the blad- 
der cancers detected in the first year of 
study drug exposure were eliminated, 
only 6 versus 3 cases of bladder cancer 
in pioglitazone versus placebo patients 
were observed (P = NS). However, confir- 
matory studies were requested by the 
FDA, in particular a 10-year, prospective, 
observational study (47). An interim anal- 
ysis has been reported in the scientific lit- 
erature (47), and a further analysis is 
available (48) but has not been reported 
in a peer-reviewed format. An initial find- 
ing of increased risk of bladder cancer af- 
ter 2 years' exposure with pioglitazone 
(HR 1.4 [1.03-2.0]; P = 0.03) was reported 
in the first article; however, there was 
no signal reported in the subsequent anal- 
ysis either after 5 (1.17 [0.79-1.49]; P = 
NS) or 8 (1.07 [0.87-1.30] ; P = NS) years. 
A retrospective study carried out by the 
French authorities was provided to the 
European Medicines Agency (EMA) in 
May 2011 and subsequently published 
(49). Based on these findings, the market- 
ing authorization for pioglitazone was 
suspended in France and Germany in 
May 2011. In the French study (49), the 
reported HR was 1.22 (95% CI 1.05- 
1.43) when the analysis was limited to 
the age-group 40-79 years; however, 
when all patients age >40 years were in- 
cluded in the original analysis the HR, 
1.15 (0.99-1.33), was no longer signifi- 
cant. In July 2011, after consideration of 
these data, the European Medicines 



Agency recommended avoiding pioglitazone 
in people with bladder cancer and in some 
further clinical situations, but pioglitazone 
did not receive Europe-wide suspension. 
This position was essentially the same 
as that of the FDA (50). Two further ob- 
servational studies using GPRD have been 
published. Azoulay et al. (51) reported 
an increased risk of bladder cancer asso- 
ciated with the use of pioglitazone (HR 
1.83 [95% CI 1.10-3.05]), whereas Wei 
et al. (52), who analyzed the risk of blad- 
der cancer in 23,548 patients exposed to 
pioglitazone and in 184,166 exposed to 
other antidiabetes medications, could 
not find an increased risk for bladder can- 
cer in patients treated with pioglitazone 
(1.16 [0.83-1.62]). Evidence surrounding 
the association between pioglitazone and 
bladder cancer (RR 1.22 [95% CI 1.07- 
1.39] and 1.17 [1.03-1.32]) in two addi- 
tional meta-analyses (53,54) requires 
cautious interpretation because the evidence 
is mainly based only on retrospective obser- 
vational studies. Future well-performed 
prospective studies are needed to clarify 
whether the association of pioglitazone 
with bladder cancer is a true one or only 
caused by a detection bias. After the report 
of the PROactive study (21), patients with 
vascular disease and longer diabetes dura- 
tion may more often receive pioglitazone, 
and this fact could influence the observed 
modest association between pioglitazone and 
bladder cancer in patients with long-standing 
disease. In addition, since pioglitazone is 
used in particular in patients with albu- 
minuria, it could be that these patients 
have a more careful follow-up and 
therefore a higher chance of diagnosis 
of a bladder cancer. Pioglitazone may be 
associated with an increased risk of blad- 
der cancer, but the absolute risk is low and 
dwarfed by the risk of other serious ad- 
verse outcomes that are probably im- 
proved by pioglitazone. Our view is that 
physicians should remain aware of this 
highly specific potential hazard and in- 
clude this in an overall risk-benefit-based 
decision about whether to prescribe this 
product. 

General cancer outcomes 

A large population study in patients with 
diabetes showed that the incidence of 
bladder cancer was four to five times lower 
compared with the incidences of liver, co- 
lon, and lung cancer (55). Remarkably, a 
recently published nationwide case-control 
study in >600,000 patients with T2DM 
(56) showed that the use of pioglitazone 
was associated with a significantly 
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decreased liver cancer incidence (OR 0.83 
[95% CI 0.72-0.95]); the protective effect 
was stronger for higher cumulative dosage 
and for longer treatment duration. In 
addition, a decreased risk of colorectal 
cancer was observed in patients who had 
used TZDs compared with those who had 
never used TZDs (adjusted OR 0.86 [95% 
CI 0.79-0.94]), findings that are consis- 
tent with preclinical studies suggesting 
that peroxisome proliferator-activated re- 
ceptor 7 agonists have antineoplastic ef- 
fects in colon cancer (57). A study in 
U.S. veterans showed a 33% reduction in 
lung cancer risk among TZD users com- 
pared with nonusers (adjusted RR 0.67 
[95% CI 0.51-0.87]) (58). In accordance 
with this observation is a recent study 
from Cleveland reporting an OR of 0.47 
(95% CI 0.32-0.68; P < 0.001) in patients 
for metformin or TZD use (59). 

Summary 

An updated algorithm for the initiation 
and adjustment of therapy for the man- 
agement of hyperglycemia has been pub- 
lished as a position statement of the 
American Diabetes Association and Eu- 
ropean Association for the Study of Di- 
abetes (32). According to this position 
statement, "pioglitazone appeared to 
have a modest benefit on CV events as a 
secondary outcome in one large trial in- 
volving patients with overt macrovascular 
disease." In the proposed algorithm, 
pioglitazone monotherapy can be consid- 
ered an alternative to metformin mono- 
therapy if metformin cannot be used 
(not tolerated or is contraindicated), as a 
combination therapy if monotherapy 
with metformin alone does not achieve/ 
maintain an HbAi c target, or a triple com- 
bination therapy, provided that oral agents 
with complementary mechanisms of action 
are used. Thus, pioglitazone remains an ef- 
fective and useful antidiabetes drug with a 
unique insulin-sensitizing action. How- 
ever, the clinical use of pioglitazone is cur- 
rently under scrutiny because of safety 
issues and because of the availability of 
newer drugs (DPP-4 inhibitors, glucagon- 
like peptide-1 receptor agonists, and so- 
dium glucose cotransporter 2 inhibitors). 
None of these newer drug classes target 
insulin resistance, however. 

At the moment, the most insulin- 
resistant patients — identifiable by an in- 
creased waist circumference, low HDL 
cholesterol level, and fatty liver — may be 
the best candidates for treatment with 
pioglitazone. In addition, patients with a 
high risk or history of CVD are also likely 



to benefit from pioglitazone. It is our be- 
lief that pioglitazone represents an impor- 
tant therapeutic option in people with 
T2DM and that more commonly used 
regimens are both less effective and 
more likely to result in worse safety out- 
comes. So, to answer our original ques- 
tion: yes, we still need pioglitazone for the 
treatment of T2DM. 
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